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WHAT THIS PAPER ADDS
 This study disclosed each effect of volume reduction in peripheral lymphoedema by microlymphatic surgery and conservative
therapy, respectively, for the ﬁrst time because both effects were not separated in previous studies.
 A number of patients who desire to have microlymphatic surgery have recently been increasing world over. The patients want to
know net and true effect of the operation; therefore, this study can contribute the patients’ decision whether or not they undergo
the operation. This study also gives some good information to co-medical and therapists who wonder if the operation is effective.a r t i c l e i n f o
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Objective: The results of reported lymphaticovenous anastomoses include some effects of complex decon-
gestive physiotherapy (CDP). The present study aimed to determine the net effect of lymphaticovenous
side-to-end anastomosis (LVSEA) in patients with lower limb lymphoedema treated by preoperative CDP.
Design: Retrospective observational study.
Materials: 37 LVSEAs in 31 patients.
Methods: Volumes of the thigh and leg with oedema were compared between the time of initial
examination, and before (application of CDP) and after LVSEA. The patients were divided into two groups
based on the number of anastomoses and lymphoscintigraphic ﬁndings.
Results: Preoperative CDP resulted in a reduction of 593 ml (both leg and thigh; p < 0.001). After CDP,
LVSEA (1e8 anastomoses; average of 5) reduced the volume by 109 ml (52 ml for the thigh (p ¼ 0.01) and
57 ml for the leg (p ¼ 0.002)). There was no signiﬁcant difference in volume reduction on lympho-
scintigraphy. Volume was signiﬁcantly reduced (by 55 ml in the thigh, p ¼ 0.049; 96 ml in the leg,
p ¼ 0.006) in the group that underwent 6e8, but not 1e5 LVSEAs.
Conclusions: The net effect of LVSEA on volume reduction was conﬁrmed, but was not particularly large.
The need for CDP decreased in some patients postoperatively, and these patients should be considered
for evaluation.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Although several reports1e8 have described the effect of
microlymphatic surgery on peripheral lymphoedema, details of
treatment protocols and the individual effects of the surgery and of
complex decongestive physiotherapy (CDP) are limited. Several
facilities have recently been established to provide lymphaticove-
nous anastomosis (LVA), which is a physiological and relativelyþ81 45 7835351.
p (J. Maegawa).
ciety for Vascular Surgery. Publishnoninvasive surgery,1e3,5,6 but the net effect of surgery on oedema
has not been statistically analysed. Such surgical approaches are
thought to require the accompaniment of CDP and thus reported
results have included some effects of CDP performed by therapists
at various facilities using different procedures. Moreover, the effect
of separate CDP and LVA on oedema has not been analysed and
evaluated after microlymphatic surgery. Here we statistically
evaluated the net effect of surgery after CDP reduction on periph-
eral lymphoedema before applying a combination of pre- anded by Elsevier Ltd. All rights reserved.
Table 1
Frequency of measurement at each time.
Time Frequency of measurement
(average), times
Preop 100 2e15 (7)
Postop 100 1e13 (6)
Postop 101e200 1e14 (5)
Postop 301e400 1e14 (4)
Postop 501e600 1e13 (4)
Postop 701e800 1e9 (3)
Preop 100, preoperative day 3e100; Postop 100, postoperative day 8e100; Postop
101e200, postoperative day101e200; Postop 301e400, postoperative day
301e400; Postop 501e600, postoperative day 501e600; Postop 701e800, post-
operative day 701e800.
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anastomosis9 (LVSEA) for patients with chronic lower limb lym-
phoedema. We also compared the effect of treating patients based
on the number of LVSEA per surgical procedure and type classiﬁ-
cations derived from preoperative lymphoscintigraphic ﬁndings
that we believe can indicate the severity of lymphatic dysfunction.10
Methods
From among 107 patients diagnosed with chronic lower limb
lymphoedema at our department from a medical history and
preoperative lymphoscintigraphy between June 2006 and June
2010, we selected 31 patients who had undergone 37 operations
and for whom the same therapist (A.T.) qualiﬁed in manual lymph
drainage had performed CDP and the same surgeon (J.M.) had
performed one to eight (average of 5) LVSEAs. Thirty-one female
patients (age range: 34e74 years; mean, 60 years with a standard
deviation (SD) of 11 years) with cancer-related secondary lym-
phoedema were included. The ethics committee of Yokohama City
University Hospital approved this study (Approval no. 027) and all
31 patients providedwritten, informed consent to participate in the
study. The clinical stages of the 31 patients as proposed by the
International Society of Lymphology11 were I, II, late stage II and
stage III in 1, 3, 21 and 6 patients, respectively. One, four and 26
patients underwent three, two and one operation, respectively. The
patients were examined by lymphoscintigraphy before each oper-
ation and classiﬁed as type I (n¼ 1), II (n¼ 3), III (n¼ 7), IV (n¼ 22)
and V (n ¼ 4) according to type classiﬁcations based on preopera-
tive lymphoscintigraphy.10 The types are deﬁned as follows: type I,
visible inguinal lymph nodes with lymphatics along the saphenous
vein and/or collateral lymphatics; type II, dermal backﬂow in the
thigh and stasis of an isotopic material in the lymphatics; type III,
dermal backﬂow in the thigh and leg; type IV, dermal backﬂow in
the leg; and type V, radiolabeled colloid remaining in the foot and
ankle. We assigned the patients to group TA (n ¼ 11) comprising
types I, II and III or group TB (n ¼ 26) comprising types IV and V
because the oedema was considered to be more severe in types IV
and V than in types I to III.
We improved the original technique of end-to-end
anastomosis1e3,5,6 by performing LVSEA between the sidewall of
the lymphatics and the proximal stump of the vein.9 Patients with
types II, III, IV and V were indicated for LVSEA because they had an
obstruction, stenosis or lymph ﬂow stasis. One patient with type I
in this series underwent LVSEA because of a personal preference for
surgery to minimise the need for conservative therapy. Thus, LVSEA
with an average of 5 (range, 1e8) anastomoses was applied to the
affected limb during one operation and comprised an average of
four for the foot and leg, and one for the thigh. We also divided the
patients according to the numbers of LVSEA per surgical procedure:
group NA (n ¼ 24), 1e5 anastomoses, and group NB (n ¼ 13), 6e8
anastomoses. The median value of the number of anastomoses
was 5 in this series. Whether patients with ﬁve anastomoses should
be included in group NA or NB remains controversial. Our previous
ﬁndings9 revealed that the patency rate of anastomosis gradually
decreases, which means more anastomoses are required to obtain
favourable results. Therefore, we excluded patients with ﬁve
anastomoses from group NB to evaluate the surgical effects.
The therapist (A.T.) measured the circumference of the affected
limbs at the ankle, knee and 20 cm above the knee. The measure-
ment frequency is shown in Table 1. When patients underwent
multiple procedures, the ﬁrst measurement after each was taken as
the initial measurement. We calculated the approximate volumes
of the leg and thigh using the circumferences measured in the
affected limbs and compared the volume at the initial examination
(n ¼ 37) with mean volumes during Preop 100 (n ¼ 37), betweenPreop 100 and Postop 100 (n ¼ 37), Preop 100 and Postop 101e200
(n ¼ 34), Preop 100 and Postop 301e400 (n ¼ 30), Preop 100 and
Postop 501e600 (n¼ 14) and Preop 100 and Postop 701e800 (n¼ 8).
Our protocol for treating chronic lower limb lymphoedema was
as follows. We initially performed CDP as preoperative manual
lymph massage to reduce the volume on an outpatient basis by
having the patients wear mainly ﬂat-knit and short-stretch single-
or double-layered compressive stockings on the affected limb in the
daytime and wrapping the limb with soft materials at night. We
performed LVSEA when these procedures had almost maximally
reduced the volume of the affected limb. The decision regarding the
optimal time to undergo the operationwas based on a change in the
charted volume of the affected limb. Preoperative reduction of the
affected limb by CDP can be estimated from a volume curve that
reaches a plateau. The same CDP was repeated at 1e2 weeks
postoperatively from a few days after discharge from the hospital
for about 5 months on an outpatient basis. We attempted to reduce
the number applications and classes of the layered stockings, the
frequency and duration of manual lymph massage and the amount
of time that the patients had to wear the stockings at around 6
months after surgery if the volume of the affected limb did not
change. The period of CDP from the start of therapy until anasto-
mosis was a maximum of 1024 (minimum, 37; mean, 387; SD, 272)
days. Patients underwent LVSEA over a hospitalisation period of
about 1 week using ﬂuorescent near-infrared lymphangiography
with indocyanine green12,13 under general anaesthesia. Between
one and eight anastomoses were performed between the foot
region and the thigh. The average follow-up period after surgery
was 527(265) days.
Statistical analysis
Assuming that ﬂuctuations were neutralised by measurement
tolerances, physical condition and minimal changes in physical
condition, the lower limb circumference was regularly measured
for around 100 days. Thus, we analysed mean values for 100 days at
several times after surgery. When the period before surgery was
<100 days, we used the measured values for the period. The effects
of the CDP were judged based on differences between mean values
for the 100 days before surgery and the start of CDP (initial
examination) for all groups. In addition, the differences between
means for 100 days before and for 100 days at each period after
surgery were used to judge the effectiveness of the operations,
which was considered to be the net effect. Data were analysed
using IBM SPSS Statistics 18 software (SPSS Japan Inc., Tokyo,
Japan). Signiﬁcance was set at 0.05 (5%).
Results
The ShapiroeWilk test of the normality of the data showed that
the distribution was normal. Differences in the volumes of the leg
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between the volumes at initial examination (2969 and 2569 ml in
the thigh and leg, respectively) and mean volumes during Preop
100 (312 and 281 ml in the thigh and leg (593 ml per limb),
respectively) were statistically signiﬁcant (p < 0.001). The ratio of
the reduction in volume to the initial volume (reduction ratio) was
0.11 (11%) per limb. Mean volume was reduced by 52 ml (p ¼ 0.01)
in the thigh and 57ml (p¼ 0.002) in the leg between Preop 100 and
Postop 100. The reduction rate was 0.02 (2%), and the net volume
reduction (109ml) achieved by surgerywas equivalent to 16% of the
total volume reduction (702 ml; 109 þ 593 ml) including that by
preoperative CDP between the initial volume and the mean volume
at 100 days after surgery. Mean volume reductions did not signif-
icantly differ between Preop 100 and Postop 101e200, 301e400,
501e600 and 701e800 (Fig. 1).
Mean volumes were reduced by 56 ml in the thighs (p ¼ 0.036)
and 71 ml in the legs (p ¼ 0.038) of group TA (n¼ 11; Fig. 2), and by
51 ml in the legs (p ¼ 0.02) of group TB (n ¼ 26; Fig. 3) between
Preop 100 and Postop 100.
Reductions inmean volumes did not signiﬁcantly differ between
Preop 100 and any other time frame in group NA (Fig. 4). In group
NB with six to eight LVSEAs, mean volumes were signiﬁcantly
reduced by 55 ml in the thigh (p ¼ 0.049) and 96 ml in the leg
(p ¼ 0.006) between Preop 100 and Postop 100 (n ¼ 13), by 124 ml
in the leg (p ¼ 0.004) between Preop 100 and Postop 101e200
(n ¼ 12) and by 85 ml in the leg between Preop 100 and Postop
301e400 (n ¼ 12; Fig. 5).Case report
Lymphoedema developed in the left lower limb of a 67-year-old
woman 5 years after undergoing treatment for uterine cancer. She
had received CDP for around 8 months (Fig. 6A) and lympho-
scintigraphy indicated type II, which classiﬁed her into group TA
(Fig. 6B). Preoperative CDP with compression stockings improved
the oedema (Fig. 6A and C). She underwent LVSEA with eight
anastomoses between the foot and the thigh. Oedema in the left
lower limb improved after surgery with continued CDP (Fig. 6D).
When she removed the stockings at about 6 months after surgeryFigure 1. Comparisons of values obtained at initial examination (Initial) and mean values
obtained during Preop 100 and by postoperative day (POD) 100 (Postop 100), POD 101 to
501e600), and POD 701 to 800 (Postop 701e800) in all patients. Volumes and mean volum
values indicate statistical differences (p < 0.05).(Fig. 6E), oedema of the affected limb temporarily deteriorated. The
oedema improved later without further treatment and the patient
has remained free of compression stockings and bandaging for
about 1 year. The overall reduction including the effect of CDP and
surgerywas 879ml in the left lower limb at 18months after surgery
(Fig. 6F).Discussion
The individual effect of LVA cannot be evaluated because it is
always combinedwith various complex physiological therapies.We
considered that oedema can be reduced using CDP with elastic
stockings and/or bandaging before surgery, the net effect should be
evaluated and then the net effect of subsequent LVA should be
evaluated. The same examiner measured the circumference of
affected limbs in patients who had undergone repeated LVSEA by
the same surgeons and repeated CDP by the same therapists. Thus,
the statistical reliability of the data was high. The circumference of
the affected limb was inﬂuenced by factors such as weight, daily
load and daily ﬂuctuations. We suppressed variation in measured
values by taking more measurements before and after surgery to
generate data suitable for statistical processing. The patients
included in this study differed in terms of place of residence,
occupation, severity of oedema, and other factors. Therefore, the
duration and frequency of CDP differed and standardising the
conditions for the study was almost impossible. However, we could
determine that the effects of preoperative CDP were maximal for
each because we could determine when individualised reduction
volume curves reached a plateau in each patient. Our experience
has shown that patients with peripheral lymphoedema do not
remain motivated to continue with long-term CDP. Therefore,
a randomised comparative study of patients who have undergone
only long-term CDP with those treated by CDP plus surgery might
be a more appropriate way to separately evaluate the net effects of
CDP and surgery in the future.
The numbers of lymphaticovenous anastomoses affected the
mid-term volume reduction after surgery. Oedema in group NB
with six to eight LVSEAs was reduced particularly in the leg
between Preop 100 and at several time points after surgery becauseduring 100 days before surgery (Preop 100) (Left 4 bars) and between mean values
200 (Postop 101e200), POD 300 to 400 (Postop 301e400), POD 501 to 600 (Postop
es of leg and thigh in each comparison are indicated above each standard error bar. P
Figure 2. Comparisons between mean values obtained during Preop 100 and POD 100 (Postop 100), POD 101 to 200 (Postop 101e200), 301 to 400 (Postop 301e400) and 501 to 600
(Postop 501e600) in Group TA. Mean volumes of legs and thighs are indicated above standard error bars. P values indicate statistical differences (p < 0.05).
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thigh. Although a relationship between the numbers of anasto-
moses and volume reduction has been suggested by Hung et al.,2
we did not ﬁnd such a relationship. Furthermore, the ideal
number of anastomoses required to achieve a reduction in volume
reduction remains unclear. We found that over six anastomoses
were required for volume reduction, which does not necessarilyFigure 3. Comparisons of mean values between Preop 100 and POD 100 (Postop 100), 10
501e600) and 701 and 800 (Postop 701e800) in Group TB. Mean volumes of legs and th
(p < 0.05).indicate a minimal number, but several anastomoses should be
considered necessary to improve outcomes. The patency rate of LVA
decreased over time as we previously reported,9 and thus we
consider that many anastomoses are needed to achieve good long-
term outcomes.
We did not uncover obvious evidence that surgery reduced the
volume any better in patients withmildly dysfunctional lymph ﬂow1 and 200 (Postop 101e200), 301 and 400 (Postop 301e400), 501 and 600 (Postop
ighs are indicated above standard error bars. P values indicate statistical differences
Figure 4. Comparisons of mean values between Preop 100 and POD 100 (Postop 100), POD 101 and 200 (Postop 101e200), 301 and 400 (Postop 301e400) and 501 and 600 (Postop
501e600) in Group NA. Mean volumes of legs and thighs are indicated above standard error bars. Values did not signiﬁcantly differ in any comparison.
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former and latter types of patients were classiﬁed into groups TA
and TB, respectively. Secondary lower limb lymphoedema has been
classiﬁed using lymphoscintigraphy14,15 and oedema tends to
worsen with progressive types.10 These types of classiﬁcations
correlate to some extent with the clinical severity proposed by the
International Society of Lymphology,11 and are considered to reﬂectFigure 5. Comparisons of mean values between Preop 100 and POD 100 (Postop 100), POD 1
501e600) in Group NB. Mean volumes of legs and thighs are indicated above standard errlymphatic function in patients with secondary lymphoedema. More
LVSEAs are also being performed in different locations (such as the
thigh) in patients with mild to moderate lymphoedema compared
with patients with a more severe condition.10 According to these
results, the patients in group TA, whose lymphatic functions were
relatively well maintained and reﬂected in the ease of surgery,
should have had better volume reductions, but they did not. By01 and 200 (Postop 101e200), 301 and 400 (Postop 301e400) and 501 and 600 (Postop
or bars. P values indicate statistical differences (p < 0.05).
Figure 6. Line chart of volume change in leg and thigh of 68-year-old woman with left lower limb lymphoedema during CDP and lymphaticovenous anastomosis (A). Preoperative
lymphoscintigraphy shows dermal backﬂow of contrast medium in left thigh area indicating Type II according to our classiﬁcation (B). Frontal view of lower limb at initial
examination shows extreme swelling with skin redness (C). Remarkable improvement in left lower limb oedema after preoperative CDP (D). Oedema has continued to improve by 3
months after surgery (E). Slight relapse of left limb oedema at 8 months after surgery when compressive garments were removed (F). Oedema has continued to improve for about 2
years (F).
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surgery in group TB with more severely affected lymphatic func-
tions. Furthermore, ﬁbrosis of the subcutaneous tissue was already
complete in many such patients, and improving volume in the
affected limb through surgery was considered difﬁcult. Further
studies are needed to concludewhether lymphoscintigraphy can be
a predictor of the outcomes of strategies aimed at volume reduction
in patients with a dysfunctional lymphatic system.
Experienced therapists or physiologists thoroughly reduced
oedema before surgery by applying CDP. Some patients had already
been treated at other facilities by the time of the initial examina-
tion. The period from initial examination to surgery was short for
such patients. To accurately determine the limits of CDP was difﬁ-
cult, but experienced therapists or physiotherapists consider that
they can be comparatively determined by measuring the extent to
which the oedema has been reduced or the oedematous skin of the
affected limb. Charts of volume changes in affected limbs might
help to raise awareness of the limitation of CDP and deﬁne the
optimal timing for microlymphatic surgery.
The overall ﬁndings from all of the patients indicated that CDP
reduced oedema more effectively than surgery. The approximate
600 ml (11%) reduction achieved by preoperative CDP in affected
limbs was signiﬁcantly better than that achieved by surgery (about
100 ml; 2%). Compressive bandaging reduces volume more effec-
tively than compression stockings.16,17 Badger et al. reported
a mean overall reduction rate of lower limb lymphoedema of 31%
after bandaging followed by compression stockings compared with
15.8% using compression stockings alone.17 However, stockings aremore convenient and allow easier continuation of routine activi-
ties.18 Layered stockings can also produce almost as much interface
pressure as compression bandaging.19 Therefore, we preferred to
reduce volume by CDP mainly with stiff compressive stockings on
an outpatient basis considering the medical circumstances in
Japan.20 We do not believe that surgical intervention is inferior to
CDP because volume reduction is only one factor that is evaluated
when considering treatment for lymphoedema. Surgical interven-
tion such as LVA plays an important role in treating peripheral
lymphoedema because lymph drainage from dysfunctional lymph
vessels to a vein is essential and physiological in treating obstruc-
tive lymphoedema. From this perspective, surgical intervention
seems superior to CDP. We also believe that drainage due to
anastomosis does not always correlate with volume reduction.
Our experience indicated that the surgical effect should include
not only the amount of oedema reduction such as lower limb
volume but also changes in skin stiffness, subjective symptoms and
the frequency of cellulitis. The frequency of outpatient treatment in
this series sequentially decreased after surgery. The primary goals
for patients with peripheral lymphoedema are, for example,
oedema reduction and cellulitis control. On the other hand, the
ﬁnal outcomes for these patients are freedom from compressive
garments or a reduction in the need for conservative therapies,
which seems difﬁcult to achieve by conservative therapy. The
present series included some patients (one of whomwas presented
in the case report) who became free of CDP after the anastomosis
and many for whom the class of pressure in the elastic stockings
could be decreased. Both of these outcomes should be evaluated as
J. Maegawa et al. / European Journal of Vascular and Endovascular Surgery 43 (2012) 602e608608effects of anastomosis. Therefore, how to perform such evaluations
will require further discussion.
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